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BACKGROUND 

[0001] The present invention generally relates to the signal conditioning of 
magnetometer circuits and more specifically to a sensing system utilizing a fluxgate 
magnetometer and a digital processor. 

[0002] Fluxgate magnetometers are well known devices and have been used 
in the implementation of magnetoelastic torque transducers. Such transducers are 
used in many applications, including without limitation, transmission control driveline 
measurement, electronic power assisted steering inputs, etc. 

[0003] Traditionally the back electromagnetic field (EMF) from fluxgate 

magnetometers has been processed in the analog domain. This requires many 

discrete analog devices incorporated into a large circuit, or alternatively, very 

expensive analog application specific integrated circuit (ASIC) chips. 

[0004] In view of the above, it is apparent that there exists a need for an 

improved signal conditioning solutions for conditioning signals from fluxgate 

magnetometers. 

SUMMARY 

[0005] In satisfying the above need, as well as overcoming the enumerated 
drawbacks and other limitations of the related art, one implementation of the present 
invention provides a fluxgate magnetometer including a fluxgate and a digital 
processor. The digital processor includes an analog to digital converter for digitizing 
the back EMF from the fluxgate and a signal generator to generate the fluxgate 
driving signal. Further, a current sourcing circuit is provided to receive the fluxgate 
driving signal from the signal generator and transmit to the fluxgate a current 
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amplified driver signal capable of driving the fluxgate in and out of saturation. The 
signal generator may be a pulse width modulator or multiple pulse width modulators 
used in conjunction with a voltage shaper and driver to create a triangle shaped 
current signal to excite the fluxgate. 

[0006] In another aspect of the present invention, the digital processor is 
configured to reverse the sign of the back EMF signal at a frequency corresponding 
to two times the frequency of the fluxgate driving signal, thereby capturing only the 
second harmonic of the back EMF signal. Next, the digital processor integrates the 
back EMF signal to generate a signal corresponding to the physical input of the 
fluxgate magnetometer. The result of the integration is used to re-null the fluxgate. 
A detection algorithm is provided within the digital processor to detect a saturation 
condition of the integrator and provide a reset in such cases. It may also be 
converted to an analog output signal to promote compatibility with other types of 
sensors. 

[0007] Further objects, features and advantages of this invention will become 
readily apparent to persons skilled in the art after a review of the following 
description, with reference to the drawings and claims that are appended to and 
form a part of this specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a sensing system using a fluxgate magnetometer and a 
voltage shaper and a, digital processor; and 

[0009] Figure 2 is a schematic of a sensing system utilizing a fluxgate and a 
digital processor according to the present invention. 
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DETAILED DESCRIPTION 

[0010] Now referring to Figure 1, a system embodying the principles of the 
present invention is illustrated therein and designated at 10. The system 10 includes 
a digital processor 12, a current sourcing circuit 14, and a fluxgate 16. 
[0011] The digital processor 12 creates a fluxgate-driving signal 22 configured 
to excite the fluxgate 16. The fluxgate driving signal 22 is filtered by a resistor- 
capacitor combination formed by resistor 18 and capacitor 20. The fluxgate driving 
signal 22 is preferably a triangle wave current signal. However, often it is easier for 
a digital processor to generate a square wave voltage signal that can be 
manipulated using a current sourcing circuit 14 to generate a triangle current 
waveform that excites the fluxgates 16. The current sourcing circuit 14 transmits a 
current amplified fluxgate driver signal to drive the fluxgate 16 in and out of 
saturation. The digital processor 12 is connected to the fluxgate 16 along lines 24 
and 26 to measure the back EMF across the fluxgate 16. 

[0012] In the example of an magnetoelastic torque transducer, or torque 
sensor, the back EMF of the fluxgate 16 will vary with respect to the amount of 
torque introduced to the sensor. The digital processor 12 receives the back EMF 
along lines 24 and 26 and creates a digital back EMF signal representing the back 
EMF measurement. The processor 12 is configured to change the polarity of the 
digital back EMF signal at a frequency twice that of the driving signal 22. By 
switching the polarity of the data at twice the frequency of the driving signal 22, only 
the second harmonic component of the back EMF is captured. The digital back EMF 
signal is then integrated in the processor 12 creating a summation signal. The 
summation signal may be used by the processor 12 to vary the modulation of the 
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driving signal 22 acting as a null circuit to the fluxgate 16. In the example of the 
torque sensor, the summation signal is representative of the torque applied to the 
sensor. 

[0013] Now referring to Figure 2, another embodiment of the present invention 
is shown in detail. The digital processor 12 includes a pulse width modulator 30 for 
generating the fluxgate drive signal 32. Pulse width modulators are readily available 
on digital processors and can operate at high or low frequencies. The pulse width 
modulator 30 works in conjunction with the resistor 34 and capacitor 36 to create a 
conditioned voltage signal. The preferred conditioned voltage signal may, 
alternatively, be generated by a digital to analog converter or other signal generator. 
The driver fluxgate signal 32 is received by the current sourcing circuit 14. Further, 
as shown in Figure 2, a second pulse width modulator 40, which is the inverse of the 
first pulse width modulator, is utilized for driving the fluxgate 16 in and out of 
saturation. The pulse width modulator 40 works in combination with resistor 42 and 
capacitor 44 to generate a fluxgate driver signal 46 in the form of a conditioned 
voltage signal that is received by the current sourcing circuit 14. 
[0014] The current sourcing circuit 14 amplifies the current available for 
saturating the fluxgate 16. The current sourcing circuit 14 allows a low voltage, low 
current digital processor to be used to generate the driving signals 32 and 46, while 
still providing enough current to drive the fluxgate 16 in and out of saturation. In 
addition, the current sourcing circuit 14 is configured to selectively connect the first 
pulse width modulator 30 with one side of the fluxgate 16 while simultaneously 
connecting the second pulse width modulator 40 to the other side of the fluxgate 16. 
To accomplish this task, the current sourcing circuit 14 includes four MOSFET 
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transistors 48, 50, 52, and 54. Transistors 48 and 50 are P and N-channel 
MOSFETs respectively and are in communication with the first pulse width 
modulator 30. Transistor 52 and transistor 54 are P and N-channel MOSFETs 
respectively and are in communication with the second pulse width modulator 40. 
The first pulse width modulator 30 is in electrical communication with the gate of 
transistor 48 and the gate of transistor 50. The second pulse width modulator 40 is in 
electrical communication with the gate of transistor 52 and the gate of transistor 54. 
The drain of transistor 52 is in electrical connection with a power source 53 and the 
source of transistor 52 is in communication with the fluxgate 16, such that, as the 
conditioned voltage increases, transistor 52 increases the current provided to the 
fluxgate 16 to saturate the fluxgate 16. The source of transistor 50 is connected to 
ground such that as transistor 52 provides current through the fluxgate 16, transistor 
50 provides a path through the fluxgate 16 to ground. 

[0015] Similarly, the drain of transistor 48 is in electrical connection with a 
power source 51 and the source of transistor 48 is in communication with the 
fluxgate 16, such that, as the conditioned voltage increases, transistor 48 increases 
the current provided to the fluxgate 16 to saturate the fluxgate 16. The source of 
transistor 50 is connected to ground such that as transistor 48 provides current 
through the fluxgate 16, and transistor 50 provides a path through the fluxgate 16 to 
ground. 

[0016] Further, a choke may be provided between the transistors and the 
fluxgate 16 as indicated by reference number 58 and 56 to slow down the rate of 
change of current entering the fluxgate 16. A choke is a magnetic ring located 
around a wire and configured to diffuse the rate of current flow. Resistor 62 and 60 
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are also provided on each end of the fluxgate 16 to set the range of current flow 
generated through the fluxgate 16. 

[0017] The fluxgate 16 includes a first coil 66 and a second coil 64, although, a 
single coil may be used. The fluxgate 16 also includes a magnetic rod 68 located 
proximate to the first and second coils 66 and 64. As torque is applied to the 
magnetic rod 68, zones 72 and 74 change their level of flux density proportional to 
the applied load. This flux density creates a back EMF that can be measured along 
lines 26 and 24. 

[0018] The digital processor 12 is connected to the fluxgate 16 and receives 
the back EMF signal along lines 26 and 24. The digital processor 12 includes an 
analog to digital converter 80 that is configured to receive digitize the signals at lines 
24 and 26. The digital processor 12 subtracts these values thus creating a digital 
back EMF signal. The sign of the digital back EMF signal is changed at a frequency 
that is twice the frequency of the driving signal thereby capturing the second 
harmonic component of the back EMF signal. As indicated by block 82, the 
differential data set is continuously integrated to generate a summation signal. One 
method for calculating the summation signal includes using a Riemann sum 
calculation. The summation signal is representative of the magnitude of torque 
applied to the magnetic shaft 68. As indicated by box block 86, the integrated data 
set is processed and used to adjust the modulation of the pulse width modulators 30 
and 40 thereby closing the feedback loop and offsetting the drive current to renull 
back EMF generated across the fluxgate 16. 

[0019] In addition, the digital processor 12 includes a digital to analog output 
84 allowing the torque sensor to generate an analog output providing compatibility 
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with many commonly available sensors. Alternatively, digital communication 
schemes such as serial, CAN, PWM, 4-20 mA, may be used as an output. Most 
digital processors run off of low current, low voltage sources such as a voltage input 
as indicated by reference numeral 102. Further, a reference voltage 108 can be 
defined for the signal generators 30 and 40 utilizing a voltage divider as indicated by 
resistors 104 and 108 in connection with voltage source 110. 

[0020] To further provide compatibility with common sensors, a voltage 
amplifier may be provided in a stand-alone implementation. As shown, the voltage 
amplifier includes resistor 88 connected to the digital processor 12 and operational 
amplifier 90. Further, feedback resistor 94 is connected between the input and 
output of the operational amplifier 90. An input voltage typically five volts, is 
provided as indicated by reference numeral 92 to the operational amplifier 90. 
Further, the output range can be scaled by utilizing the voltage divider, shown as 
resistor 98 and resistor 99 in conjunction with the voltage supply 100 to produce an 
offset voltage adjustment to the operational amplifier 90. 

[0021] As a person skilled in the art will readily appreciate, the above 
description is meant as an illustration of implementation of the principles of this 
invention. This description is not intended to limit the scope or application of this 
invention in that the invention is susceptible to modification, variation and change, 
without departing from spirit of this invention, as defined in the following claims. 
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